In the current study, an acrylic acid grafted bamboo rayon fabric was utilized as a substrate to immobilize ZnO nanoparticles. The bamboo rayon-ZnO nanoparticles composite was prepared by the treatment of swollen grafted fabric with ZnCl 2 followed by conversion of Zn 2+ ions into ZnO nanoparticles. The modified product was characterized and then evaluated for antibacterial activity against gram-positive and gram-negative bacteria as well as durability of their antibacterial activity after washing. The product showed antibacterial activity against both types of bacteria which was found to be durable till 40 washes. The modified material also showed improved UV protection. The product can be claimed as semidurable multifunctional textile material.
Introduction
With increase in awareness about health and the requirement of protection, a number of functional properties are expected from textile materials. Textiles can be colonized by microbes which can result in adverse effects both on textiles and users. Apart from this the UV protection is becoming one of the desirable properties as textiles act as barrier layer between human body and the environment and can protect human body from harmful effects on skin of UV light if finished properly. Bamboo, a lignocellulosic material, belonging to the grass family Poaceae, is an abundant renewable natural resource capable of production of maximum biomass per unit area and time as compared to counterpart timber species. Bamboo pulp fibre is widely applied in textile industry to produce dry goods. Generally, bamboo pulp fibre loses its natural antibacterial property present inherently in bamboo due to its treatment with alkali in its manufacturing process. The cellulosic fibre like bamboo rayon possesses many desirable properties which are suitable for apparels as well as medical textiles; however, the lack of antibacterial and UV protection properties is considered to be a severe limitation [1] [2] [3] [4] [5] [6] [7] [8] .
The grafted fibres especially from hydrophilic monomer like acrylic acid adsorb metal ions from the solution and also swell in contact with water. Hence they offer suitable substrate to immobilize the nanoparticles and to form nanoparticles composites. Incorporation of metal nanoparticles into polymer matrix has been reported by various researchers. Silver nanoparticles have been incorporated into poly(N-vinylpyrrolidone) (PVP) nanofibers using two distinct methods [9] . The hydrogel-silver nanocomposites have been synthesized by a unique methodology, which involves formation of silver nanoparticles within swollen poly(acrylamide-co-acrylic acid) hydrogels which showed efficient antibacterial activity against E. coli [10] . Researchers modified the cotton fibres by periodate oxidation followed by covalent attachment of chitosan and then loaded the modified fibre with copper ions and copper nanoparticles. These fibres showed an excellent antibacterial activity against E. coli [11] . The copper alginate-cotton cellulose (CACC) composite fibers and Cu nanoparticle loaded CACC fibres are reportedly found to display efficient antibacterial property [12] . Bajpai et al. prepared calcium alginate impregnated cotton fabric loaded with copper nanoparticles to impart antimicrobial properties [13] . Chaurasia et al. prepared ZnO nanoparticles loaded cellulose acetate (ZOLCA) films [14] . Bajpai et al. also prepared chitosan films loaded with ZnO nanoparticles for food packaging applications which have shown excellent antibacterial activity against the model bacterium Escherichia coli [15] . Zinc oxide nanoparticles loaded calcium alginate films are reportedly prepared for packaging purposes which are found to be biocidal against bacteria Escherichia coli [16] . The deployment of different nanoparticles on grafted bamboo rayon has been reported earlier from our laboratory [17] [18] [19] [20] [21] [22] . Although a number of papers regarding antibacterial activity of ZnO have been reported, their application on textiles to get durable properties has been its limitation. In the present work, ZnO nanoparticles were immobilized on acrylic acid grafted bamboo rayon (AA-g-BR). The efficacy of such modified fabrics was analyzed and the durability of functional properties was also evaluated.
Materials and Methods

Materials.
The bamboo rayon yarn was knitted to make fabric (single jersey, gsm-133.28, WPI-36, CPI-38) which was then scoured using NaOH (4% owf) and soda ash (1% owf). The scoured fabric was used for grafting. All chemicals (ZnCl 2 , NaOH, K 2 S 2 O 8, and acrylic acid) used were of laboratory grade.
Methods.
Grafting of acrylic acid onto bamboo rayon was carried out as per the procedure reported in our earlier research paper [23] . After completion of reaction, the grafted fabric was then washed with boiling water repeatedly, to remove the homopolymers of acrylic acid, till the constant weight was obtained indicating complete removal of homopolymer. The ZnO nanoparticle loaded grafted bamboo rayon fabric was prepared by using the procedure mentioned in the literature [24] with slight modification of curing NaOH treated fabric at 100 ∘ C for 2 h. The composite fabric (nanoZnO⋅AA-g-BR) was characterized using FTIR, TGA, and SEM analysis. In order to study the effect of modification on the shade change of the fabric, the unmodified and composite bamboo rayon fabric samples were evaluated for the colour value using Spectraflash SF 300 supplied by Datacolor international. In order to estimate the stiffness of the fabric, its bending length was measured on Shirley stiffness tester. The nanoZnO⋅AA-g-BR was evaluated for antibacterial activity using AATCC-100 [25] . The UV protection factor indicating the ability of the finished fabric to protect the wearers skin from UV rays and durability of such functional properties to washing was determined as explained in the literature [26] .
Results and Discussion
Preparation of ZnO Nanoparticles Loaded Bamboo Rayon
Fabric. When grafted bamboo rayon sample was put in water, it swells to some extent due to the hydrophilic nature of acrylic acid as well as bamboo rayon. The grafted fabric was further treated with ZnCl 2 , where the adsorption of zinc ions takes place and the adsorption mechanism can be viewed as complex formation of zinc ions with carboxylic groups. When the swollen fabric containing Zn 2+ ions was put in sodium hydroxide solution and cured, the ions are converted to ZnO nanoparticles and distributed almost uniformly throughout the network.
Characterization of Modified Products.
The grafted bamboo rayon fabric was characterized in order to validate grafting. The optimization of the grafting reaction was earlier reported from our laboratory [23] . The add-on (graft yield %) was found to be 14.85% with the reaction parameters mentioned in the experimental section. The FTIR spectrum of grafted fabric (refer to Figure 1 ) when compared with that of the ungrafted fabric clearly indicated the peak at 1711 cm which is due to introduction of -COOH group as a part of graft side chains onto bamboo rayon substrate. Hardly any change in the FTIR spectra of AA-g-BR and nanoZnO-AA-g-BR was observed as the nanoparticles were just immobilized on the grafted bamboo rayon and there was no introduction of any functional groups. Figure 2 shows the thermograms of ungrafted bamboo rayon, AA-g-BR, and nanoZnO⋅AA-g-BR samples. In the initial stage weight loss values of these samples were 9.5%, 12%, and 8.54% at 250 ∘ C, respectively. Between 250 ∘ C and 350 ∘ C, the drastic decomposition of the samples resulted in significant weight loss which was 59.22% for ungrafted, 56.2% for AA-g-BR, and 46.89% for nanoZnO⋅AA-g-BR fabrics at 350 ∘ C. However, beyond 350 ∘ C, the loss in weight was slowed down and finally at 450 ∘ C, weight loss values observed were 96.81% for ungrafted, 90.13% for AA-g-BR, and 80.95% for nanoZnO⋅AA-g-BR. This clearly indicates the higher thermal stability of AA-g-BR as compared to that of ungrafted bamboo rayon. The composite fabric (nanoZnO⋅AA-g-BR) also showed further enhancement in thermal stability as compared to that of ungrafted bamboo rayon and AA-g-BR. This could be attributed to the formation of side chain network as a result of grafting of acrylic acid onto bamboo rayon substrate increasing molecular weight and due to immobilization of immobilized ZnO nanoparticles in the polyacrylic acid matrix.
The surface morphology of the nanoZnO⋅AA-g-BR containing grafted bamboo fabric was studied using SEM analysis. The images of the fabric surfaces are shown in Figure 3 which clearly indicate the presence of ZnO nanoparticles on the surface of the modified fabric and these nanoparticles are visible even at a low magnification. Some agglomeration of the ZnO nanoparticles was also observed.
Change in Appearance and Stiffness of the Modified
Fabric. The change in appearance of modified fabrics due to nanoZnO formation was measured (refer to Table 1 ) on Spectrophotometer.
The K/S values were of very small order, indicating negligible change in appearance of the fabric. ZnO nanoparticles are white in colour and hence offer the advantage in terms of minimal change in appearance. The bending length increased after modification indicating the increase in stiffness of modified bamboo rayon. However, the increase in bending length with the concentration of ZnCl 2 was insignificant.
Antibacterial Activity and Durability of the Modified
Fabrics. The quantitative antibacterial assessment was made using AATCC-100 (2004) test method and the results are presented in Tables 2 and 3 .
The bamboo rayon fabric showed no antibacterial activity against both S. aureus and E. coli as reported by some researchers [17] [18] [19] [20] [21] [22] . The results clearly indicate the excellent antibacterial activity of the nanoZnO⋅AA-g-BR samples which was found to be improving with increase in concentration of ZnCl 2 . This was quite obvious as the antibacterial action was because of ZnO nanoparticles which will be in the higher concentration when higher concentration of ZnCl 2 was taken. At 0.5% ZnCl 2 , antibacterial activity against S. aureus was 100% whereas that against E. coli was 98.13%. Further increase in concentration of ZnCI 2 to 1% did not show appreciable increase in antibacterial properties against E. coli and hence the optimum concentration for antibacterial property was taken as 0.5% ZnCl 2 . The similar trends were observed in our earlier study [22] . In case of ZnO nanoparticle containing ungrafted bamboo rayon, the unwashed sample showed excellent antibacterial activity against both Gram-positive and Gram-negative bacteria. However, the antibacterial activity was reduced drastically after subsequent washing showing only 50% reduction after 5 washes. The nanoZnO⋅AA-g-BR showed reduction of S. aureus from 100% to 71.36% even after 40 washes (refer to Table 3 ). In case of E. coli the reduction was from 98.13% for freshly modified to 72.98% after 40 washes. The results clearly indicate the stronger holding of ZnO nanoparticles by bamboo rayon fabric grafted with acrylic acid. This may be attributed to introduction of side chains of acrylic acid on the bamboo rayon backbone during grafting which leads to better interaction of such substrates with ZnO nanoparticles. The results emphasize that the antibacterial activity of nanoZnO⋅AA-g-BR fabric was very intense even with small amount of ZnO nanoparticles. The excellent fastness to washing is due to antibacterial agent being immobilized.
The UV protection of the modified fabrics was evaluated and the results are summarized in Table 4 , which indicate the efficient UV protection by the nanoZnO⋅AA-g-BR. In general UV protection factor (UPF) in excess of 50 is considered to be an excellent protection. The UPF was found to be decreasing with subsequent washing showing the value 46, that is, close to be excellent after 20 washes. Hence it can be claimed that the modified fabric could display efficient UV protection till at least 20 washes.
Conclusion
Bamboo Rayon-ZnO nanoparticles composites were successfully prepared using acrylic acid grafted bamboo rayon substrate. The acrylic acid graft chains were responsible for immobilization of ZnO nanoparticles. Due to this type of anchoring the modified product displayed efficient and durable antibacterial activity and semidurable UV protection.
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